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Abstract: 

PROBLEM TO BE SOLVED: To reduce the crystal defect density of dislocations, laminate defects, defective 
tubular holes, etc., by forming a desired element structure on a nitride compd. semiconductor layer involving a 
first region having vertically extending through-dislocations and second region released from the dislocation, 
other than the center part. SOLUTION: On a sapphire substrate 20, an Si02 mask 21 having openings 21a of 2 
um in diameter at spacings of 10 um is formed, the sapphire substrate 20 with the mask 21 is introduced in a 
region chamber of an MCVD apparatus, then thermally cleaning is made to remove moisture and natural oxide 
film, a GaN buffer layer 22 is formed on the sapphire substrate 20 with the mask 21, and the substrate temp, is 
raised after growing the buffer layer 22 to form a GaN layer 23. From the sectional TEM observation, the 
through-dislocations 25 locate only approximately at a central part of the Si02 mask 21 and the crystal defect 
little exists at other parts. COPYRIGHT: (C)2000,JPO 
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2/im^T>H-rGaNTifiB3 3*m'f-*. Z<7) 
if7^^3 1CMUI3 1 ajWlWi**!, 
^•c7)f^S i0 2 J&^L 

— 7*G a N TiftJf 3 3 <1 h . 

[007 1]»^\ SiH, SrlOccJni., 5i*£ 
UnIGaN3^7M35 (J¥£4. Ojum) * 
MtfLViz. 8E^X\ TMASr6 0cc/^aaxHni 

9, niA 1 G a NttaSSAJB 3 6 (J?S 
0. 2 5^m) *B&th. Sfcfc*«>±(C. 7yK- 
7'GaNTmJ13 4i:[5l^^^X', GaNW 
KJf 3 7£J&£L*:. 

[0072] fWft. 7 4 OtittfflL^ 

^'j ***** ^f«I2 0. 5 L/# ) 

•ewe**, icofc^. ry^-r^»fua{±9. sl/ 

$h TMG*)8S*i9 c c/#-5£fc U TMI cr>m& 
l^HOcc/^ SOcc/^^MOSiS 
<Ii:lC«tO. I nGaN3ftiSttJi3 8fc#JfcLfc. £<Z) 
I nGaN^YS14Ji3 8{i. 3#<7>In 0 . 2 Ga 0>8 N 
(Jg£2nm) #FJffc I n„. 05 G a 0 . 95 N (J?S4n 
m) RSJi*»fcl«4M**#F (MQW) 

[0073] I n G a N3ft*SttJi 3 8*^l£flL ISiS 

i^i i o ovtzmtth. mmsw 1 1 o ox: 
caiLfca. ^urtf^fciftfs**^** <«*2 

0. 5L/#> MODS*. GaNft^H139, P 
MA 1 GaN«8KiAJB4 0 (J*S0. 25^m) , P 
MGaNrjy^^ hB4 1 (J¥$0. 3jum) i« 

wsx-^-r s . piAiGaN mmzzM 4 0 «^i«ko 

P IH-A-yMf4Cp 2 MgcO^SJi; 2 00cc 
tL. pfGaN3y^^ bil4 1CO^B#C0Cp 2 M 

gwftl&IliSOcckLfc. P iGaN3y^;M 
4 i«ism ^■m^m^f4^«^*^±L. a*^A- 
>jr^ (Wt2 0. 5L/^) . mfry^-r <st 

iiWflLib. fit. ry^-r^^(i. £«iaK#3 

[0074] j^o^ffiX-^S^SfliftiR 2 ! 4 **!^ 
— Ifffl^JBflBfcov^, ait7=rn^I^fio^ 

ffl^m^S^ (TEM) ttK^fci;:*. MQ 
WflBtfctfi-S I nGaN*?SttjBI»t:(i, f&\ZVfo 

fc. ^«K+WiiillKffi«*H. 156X105 cm-2fc 
[0075] JSLJLoe** . J: * U— Tffl^l 
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.tsv-ifffl^jBR-ca. *no»<> cm-* 

MQW1 

&OI nGaN»tStt«t:*J^T, MQWW3t#**S 
(ft) *Wf*. KHTEMfWiO, 

b (ft) ^T^^tiafflM*^ 1 -^^^" MzM 

Vo076] Jja£H«BlW>--»«:, n^GaN 

L fOJJKT i/A 1 n§WB4 2 1»* 

N3/ ^ h/f 4 i±fcii«SHJWW>fc*>s i o 2 H4 
3^Wl«U ^Si0 2 !4 3&tfplGa 
N3^7M4 i±t:pWmS4 4*»lRU/£. 
[ 0 0 7 7 ] lawtstttft^M** 

J^SUi^*'^ 3 5 0jtxmX5 0 0/xmO**St: 

$ ?s^4 1 7 n m-cssaatOBS*-* - k «il 

1. 5k A/cm 2 X'b^fZ. 

[0078] LfeG a N^^l^— 9"' 

fc u—f^ig-r h m-omif 4 o %nm~eh o . * fc i" 

— fJftSLfc«^"Cfc . jWMWflv^k ^ 3 PlBtf* ^ 
«fifc**fco wcdHfrfctr o fc k £ ^ , 
\,***\ xiipSH-^^"^**^* 5 '^ (M 
i^LT^-kWEUi. 

C00791 MzttL*mtmmx'te. issxmjOfr 

i-mwmt o*<8 o%w±k& o . ifc*^** 
t,«*ifew»i oo~ioo otetffitf. fi«tt*«^te 

[ o o 8 o ] , ^itwJiiTJiv-irKov^ra 

[0081] (JS3^»S0 83«>»»91Ttt. 



tcGaN ( 2jum) , XtiGaA 1 N ( 0 . 3/xm) / 
G a N (2jum) fcjft£Lfc*ttLhfcJBlfc*"*. 

[0082] ±ie^S«Lhl=10/imte^SiO 
, GaNXteGaA 1 NJf^aflfi <1 1-2 

0> kSlt^ft < 1 ~ 1 00> ^ 2//m^PiT'Xh7 

>(r«tc»jaw*. owe. fffla^^fcJftftLfcfflR 

iCMOCVDSCiO. 5 ~5 0^m*)GaNJl£j£ 
JRJHWBKS i0 2 7^;K5f5^ 

ss«$*i.*. »t®^«™« (tem) 
[0083] dtfoi a KTOtt*n»»s*».. SiiiKftt? 

£ ^2^^Mkl5l«^^^^-9 i ffl^®^2:^ 

&l isi««o^^i o^^— «r^*Lfc. -tie 

*«fc:|ftl±U SB2<0HSB»Ja^Lfe^-1fkR« 
[0084]^, •ffcOWtift'Ui 

[0085] (m4c^«M) H6^^^ <7) ^ 4 

[0086] ♦ 
WTKtt^*. ^"^^ i^7r>fT«K50±C, Si 
o 2 i:Ti0 2 iP^i^JBKi^fciOWBtTff 

[0087] &Tw-***mff>m®mmmoc 

TS«5 0±t3. GaNA77rl (H^T) * s 24i- 
|BW»Silft. miCSitF-rLfcnaGaN 
3>-^^bii53 (mZ2um) itiL&th. Z<7)&f. 

W nSGa 0>8 Al 0 .2 N«K*7J154 ^Jfift-f*. 
[00881 iX^t. H50. 1/xm^Ino.! Ga 
0 . 9 N«ttJB5 5Sr«SL. *«0±«fcM g £ K-7*L 
^W^O. 2 5jumtf)p8>Ga 0 .8 Al 0 .2 NflKS^A 
15 6, nIGa 0J Al u N«a0WWi 5 7 SrHIiX 
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ttmz m^x&#mzx.vi-yy-r h-H&iz jo, 10 

AU 185[^)15 7<7)±HMg$:K-rL^pMGa 

®5 8j&Hf£. ^j-yN^-MOCVD^S^^IXOai-r. 

plGaN3^? hJf5 8^{J{ar^®t:S i 
0 2 i:Ti0 2 *>^£6^JfR£sSi*£i9mJf-r&. 

^KHSDXL. mi^RltM5 9 5r^-r§o 
7r-f TS^5 0±(w^$n^S i 0 2 iTi0 2 
h$Lh%mm(~?*7) 5 1#. »2WRIt«fc!flrS. 
[0090] ULhOJ: 9 t^SiifcU-lfffl^flBIH^) 

nS[GaN:Jy??bJ15 3£!iaj£-tf-C. nffl9«86 
OSJgjft-T*. — P SiGaN3y??bJf 5 8±tC 
pH«®6 1 £7&£U i6t*t±0^f 7 7*t 

[009 11 Oh<0«t 9 fcfft£Lfc i ftWtKl'— If * b- 

3 8 0 n m ?M£ttlge%&#1l83 . £ *>BW> 
L*V»«aii9 5mA. i&f£«JE<44. 6VC'ifc-5 
fc. 

[0092] #£JiJBJBfc:«fc ftBBfftJiffliNWfsU— TC 
{4, S i 0 2 tT i 0 2 7t>>4>j£l>£JlJ$ 5 1 k 

*nMBBiz£*)nt>titiu--*fm%mm*v> 
m&xmmmt. 100^1 vxnzm- l . 

[oo93]^« mmfcx-ittx^mftx-iSMm. n 
^msK&AJf i: uw^GaA i Nmiz&^xmmtt 
^tmmx-h o . m^&^—^x-itmiw^Mizi&m 

fcLTfflvwfcS i 0 2 fcTiOj j&»fcj£*£JBBtS:RSt 
[0094] <SI5«033»BfiB) 07<4. #f&afl«DS&5 

mmx'$>&o 

[00 9 5]£-f. niy'j3yii6 0tl$100 
nmWjfcKfcS i0 2 i6U, flMMWrtTHMW- 

«l/y7h7X^ai 2jLtm^)BBPSI*raPB5 0>um 



6 1a£Jgj£-t&. ClittCtO, ^U3yS^605r^ 
iti3*fc». £<7)gm£MOCV 
DgBrtfcTJi. Si0 2 R6 l#ISS6L3rV\J:3fc, 

i o o o°c-e i o^raw--?^^ U --y^*ff 

[ 0 0 9 6 ] &Wt\ JIS2. Owm^nlGaN^y 
*?hJB6 3£JB)£U Si0 2 R6 1 £Mtb&A,t*ffi 
mZtth. Z<Dnm.G&Nay?7 hf§6 3t4S i 0 2 
R6 l±-C{i7-f7^fi£^-r-2»^^>. fflK* t ^'J3>"C 

$0. 2 5jumC7)ngJA 1 GaNitsfi&Afl6 4. J5£ 
0. ljumGOI n 0 . 25 Gao.75Nvgt£Jf 6 5. Jf $ 0 . 
2 5/zmc7)pMA 1 GaN«8!8£7JB6 6, Jf§0. 3 

[0097] MocvDsafc&^jRoajix^a. ^u=j 

yg^ 6 0 £>OT£ n §IWM 6 8 £:aS*TJBj£-f£ . & 
tz. pIGaN3y^;M67 W^IJ Mft'A^ 
-xy^U U7h^7?£HJ:0pMmfii6 9S:iStt 
4. *k»fc» pSfh'-by^L^Jg^vS'ft'fki:, pS. 
n SW&>1B8Lt:Tlf %> tzMzmMnm%^X'T~-)V 

[0098] a±.cr>jTmx*ftf$.i,izmty4 *- Ktsi 

m Ltz t i * , v 3 . - 

JtWjftje^^-Htt, TOt7T^7»S i C 

[0099] (»6<^)SI*ft^lB) 08(4. #»BH<7>86 

comsmmt l z&bz>ftifi~77 v ?Kmt (dbr)w 
^<m^m&*7Ftmmxb& . 

[0 100] t7r^rlI8 0±CMOCVD 

St«fflGaNA 7 7Tl8 2MSL, ^^±SB 
^Tyh*-rGaNTtfiif8 3$r^-r4. ^^T. n 
SGaNay;; bJ184, nSA 1 GaNlttSSaAJB 
85, nfflGaN3fc«M FJB8 6. ^fiM^#F(MQ 
W) flKSS^Tt* I nGaN^ittl8 7, pfflllGaN 
3t^^fHJB8 8. pSA 1 GaNmsfi&AJ!8 9, pI 
GaN3y^^h«9 0S:^iOliiT'^L. l^-ifl=^ 

[oioi] ±Mi&mffim<?)]s-?iz&mL%^m& 

niGaN3y^7M84Clt^^tb'7'(X 

vf-y^ifetcjiOM^Lfca. mcvDmx'ismkiSi' 

jy*mtiif*k LXm% 5 Onm^S i 0 2 m 1 §: 
JEJdc-t*. &WC\ ji^^m^b'-AH^ffll^^xM: 
^PL. H^-fx-y^y^T'^L^^^. 4 2 
0nmWWb7^r«l:« Hil5 0nm^^-y 
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tcLT. 7'yitry^-^MZXSiO t I9l5:i7 

n^com (unan 9 i a^tnsi o 2 

-7X^9 l*»l&-r&. ;«»9 1 aKGa 

[0102] ini+os&fclftfMocvDg 

■l*ilC»U yyH-rOGaN!92*100nm« 
£§fc?fj££S-£S. ^£7)GaNil9 2(i^^X^T 

mm^iamx'^m^ . nr/vyA^y^-y^x-m 

nIGaNl84bnlAlGaN!85^ 
BSWSaa5<a«*X.y^y^L. ;Wi«Knflltffi9 3 
fc. P giGaNJ19 0O±£pSM9 4£-HVri-tfB 

Lfc k -I h . 4 2 0 n mO^tfM Lfc V— <f%& 

mmx-ztz. g a nmm 9 2 ofieiffitcti. 4 2 0 n m 

WiM<r> Si0 2 OX h 7 A 7°-?X ? 9 1 if^F&th tz 
#X ^&E§l*l£Ao7t4 2 0 nmWV<?>WL%:*%f~>izJt 

5f7;«MfllfflUf-5^GaNt*5^ feffi 
& k' cOXPfi*^ 5 ^ v ^ao^Jlt-^ -5 X V ^ . 

[0104] rffl^JfJg^M-f &f«^ 4 

2 0nm»SiO 2 X h 54 7°£^j£LT:BWS\ 
ffi80^t^«tf>TWS8i4 2 0 n m^HItfft&^S: 
J$0#*W§31S! ( D F B ) Iffcflsjfc"*-* i k t "Tib 

[ o i o 5 ] ±ib® i Timm 5 commmx'i*. 

X % ±t:s i o 2 ni o 2 ZKh^M&lz-o^XWfi 
S i 0 2 , T i 0 2 comz. MM0Mc&tofr 

mwnm&isj&x' h& 1 o o ox:iSLfc.wiaKtffAttSr 

tl. mtLXln z 0 3 , TiN, A IN, S i N, , 
WN, mWW?$>tli>. 1 000°CJiLhc7)iS^T- 

[0106] ^Htm«¥<0*SMtwav>tm*-7X^« 
F4k LXm^&ZblzX 0, f&AiftWOiftiJhfcJ:**?' 

aware* a. doia&sw^ jw*tt<ofiv^ 

[0107]^. k LT 

tLxmm&nm^cDzm^&ztizx*) . tkmiz 



[0108] J2LL*>J: ? (C, ifOW^S^lft^X 

[ o i o 9 1 &tz. iMmmmx-irngMWib lt, 

t7r^fr, S iaHRfcWtcJllH'fc**. inflates iC 
^MgAI, 0 4 3*0»|R£Jfl^&£i:*>"CS&. 
[0110]$ *f^(iSftft#fl:^tt¥»fc«: 

[oni] (m7<7)mtmm) m9. mi oii*ww 
ois 7 onjfijBflSfcffi *> & SMiaiiaM***^ -if fciMJi 

[0 1 1 2 ] 09£i5lrVC, 10 1tit7r^7il, 
10 2li7X^hlTc7)SiO 2 I (0. 3/xm) , 1 
03liTyH-rGaNl(3jum) , 104(in-G 
aN3y^?M(SiK-7*, 5Xl0 18 cm- 3 , 3 
jum) , 1 0 5(in-A lo.o8Ga 0 . 92 N^5'y HJ1 
(Si H-r, 1X1 0 18 cm" 3 , 0. 8jum) . 10 
6(in-GaNS&l ( S i h*-7°, 0. 1 /zm) , 1 
O7(in-Al 0 . 2 Ga 0 . 8 N^f- A- U 7*-^7Q- 
RfiitJB ( S i 7*. lXl0 18 cm- 3 , 2 0nm). 

1 08\i&tiEMTb&. m&Ml 081*. InGaNi 
^#F(Tyh'-7°, In 0 . 2 Ga 0 . 8 N, 3nm)# 
5Jifc**l*«trInGaNP«JI (TyH-7", In 
o. 05 Ga 0 . 95 N, 6nm)H^if#FlS(SC 
H-MQW) k^ToTV^. 

[0 113] 1 0 9«P-A 1 0 .2 Ga 0 . 8 N 

df^'JT5j--^*-7a-(Je±ffl (Mgh'-r, 1X10 
i8cm- 3 , 2 0nm) . 11 Olip-GaNSKftJf (M 
gF- 7°, 0. ljum) . 1 1 1 lip -A 1 o. oe Ga 
o.o2N^7>y b'J! (Mgh'-r. ixi0 l8 cm- 3 , 
0. 8^m) „ 1 1 2(ip-GaNay^^ hJB (Mg 
H— 7°, lXl0 18 cm- 3 , 0. 8A<m) , 1 1 3tiP 
t (10nm)/Ti (20nm)/Pt (30nm) 

/au ( i um) mmopmnm. ii4iiAi/Ti 
/AuffimconmnM. 1 1 5iis i o 2 jfeaasT* 

(ISiBCW) KttT i 0 2 /S i 0 2 Sr^l^mSL 

[0114] H9"C^-rflKe<^!iJS*ffitt. WTO® 0 
"C*S. t7r^7itl 0 1±IC. HI 0 
(a) iZTjk-TXolZ. CVDStMUSiOj Jll 
0 2i:^MPL/i^75:»S. iOSiO 

2 -?x?OJ§^tf*££oJtli. t7r^7iil 0 
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i try Y-rG a n i o 3 cnWf^M<^> i %WFt 

U ^aiiT^H-ZGaN 1030(1-100)^ 
mz¥?flz%: hi. o fcffifc Ltz . 
[0115] &wt\ s*OT*"Ci 2 0 o*c£x&i& 

«£5 0 0 , C*-CRiaU h'J^fM'J^St/r^ 

mzx*). 3WaN^iti». a^r. jsjg£i 

10 0°Ct#iaU 1^7yH-rGaNll0 35: 

aN#5 0 OTXii&S&m^^U 1 1 0 O'C^f^S 
^6^fcT'7^£f#^GaN#^fiSc£*l&. «Wt. 3 

*mt:9^9;n«*wiWTL. i mmmzitn^ry 
[0116] x^omm^zw^fiu. ~?*7mnmzm\& 

^<o«-3fi*»w+ifcau^'c» B&ttfofrwmvtz&w. 

LT . Iiea^^tl. . G a NJ1 1 0 3 j£ 
(2\ GaNJB10 3<O-^l5§JjUi«?5«a«Wi, 

1 o 2 oiMitfeott . ikmmEtzffl&t . 

[0 117] &fz. CVDat«lfcSi0 2 110 

2 4HCte, tKSS^^oS i <0^^£j£«ia t SU«fc# 

cifi»flrTy ; E-r/r^(cJ: o s i n x m*mt Ltzm. 
\m*mwws i o 2 jbi o 2 ±k teapot** i/c 

[0 1 181&WC. ^vilJW, n-GaN3 
y??hMl04, n-AlGaN?77b'1105, 
n-GaNzg&Jf 1 06, n-Alo.2 Ga M N^f-v 
UTsJ— ^N*-7n-RfejlJBl 07, MQWvSttJllO 
8, p-Al 0 . 2 Ga 0 . 8 

jtJil09, p-GaNSfiftiBl 1 0. P-Al 0 .o8G 
a 0 . 02 N?7-y h'Jll 1 1 . p-GaNay^?hll 

1 2*mwtifr&. 

[ 0 1 1 9 3 fc^T, ±ta^H1i3t^gP5r nSGaN 

3y^?Ml0 4«itb'7'fX7f>'^k:J: 
9 life* U U SfflLfcnS!GaN:iy*? 

Ml 0 4^®^n|lim@l 1 4S:JBjfi't&. 
*^01JiJ:art*SpSfGaN:iy*? hJf 1 1 213(4 
Xh7^f 7°*cOpiI!imfiSl 1 3£Jgj£-f 6. .l<7>*§-£\ 

BajL^aftfl^sifWi^ffltis i o 2 «i 1 5-ca 

htiX^h. 

[0120] OhW^T'^^S^^b^W^W 



HJrffi^m^mM (TEM) «Jfc£frofci:£*, £ 
«E&#1B WC^-SrOT £ * M Q w«Jt#ffcft 

fi^Ji^lO 5 cm-zt&^hCDX'foitz. 

[0121] mz. ±M<&mi*2>mi&i:mjSLi>tt * 

M £ . ftlfiSfia* 2 5 0 ju ml,Z% S «fc 0 IZj- <y 7it L . 

&A£*f-afci:£<5, ifc^4 1 5—4 1 7 nmt'iiai 
8gSi&Wii83 tlte . ^c0i6#*E(i 4 . 8 V ± 0 . 
3V, L^HRiVlKttl. 5 — 1. 8kA/cm2 
Zbiz. ^iyM*jO9 7%KLh<0«^-C10 

oooB#fauLt^a3SM^»?sis$ti^. -2r, 7 

f-?/Pjft*fcfrfc&vvr|B|-WilWfcl'--- ffcffcftLfc 

tz*>, &mw&<nnmkimw,t\o ll c™-*w&t 
m< . m^m^mmtb . 2v±i. sv. l^vmi 

mSt^<i2~5kA/'cm 2 fct££>o£#*# < , & 

tzm&mftmmmt 500 «najart"Cfc 0 fc . 
[0122] a (c*»#iiKi, t7r-( ram 
1 0 i±.iz?&m<nmnw-> ; & : &t&s i o 2 

?10 2Sr?BJSU ;<0-e^±t:GaNll0 3^7 
f7/«I^fil UMtS - i: £J: 0 . «ifflg{2^ 
iDXPfg^&t* ^p D pf^)G aNll03 tmm-h £ k 

tot, »«B^Mtai^«soi'— f^^^ 

[ 0 1 2 3 ] £*3. 11 1 0 ( a ) Ttk 

vtz^nm^mw^-y^-th s i o 2 7x^10 

2£J8Vvfc#. 010 ( b ) -C-^-rH^^^P^ 0 ^- 

ktfX'Ztz. Zhiz. 1210 (a) t^Lfe/vft^^ 
-y £ s i o 2 o^i: LT>mvfc*£, 1 0 

(b) x'mLtzE.nm^-y^s io 2 os^Lrffl 

[0124] <S58tf>5ltt0BHi) 0 1 1 tt. *%,WV>f& 

3<nmmmizi&hhwm*mw\s-v<n^ffi&* 
^-rwmmx'hh. hi 1^301-3 1 5«4 

H9+01 0 1-1 1 SfcfflSLTV^. 

[0 125] t7r^7ii30 l±fc«. ^1^7. 
^hLTH$0. 3p.m<T>S i O 2 13 0 2a«$ 
ix. *^)JitCfir§3j«m<0ryK-7 , GaNjB303a 
aWttftSiVO**. GaNif30 3 a±tc(i. 
^^i:LTl?$0. 3^mi0OS i 0 2 H3 0 2htfffi 
^C0±HJ¥$ 3^mW7yt J -7 , GaNl3 0 

3b*WjR**LT^ft. 

[0 126] LT. GaNI3 0 3b±ttt $fe^ 
7<OHS6JgJBk|pWlltC, n-GaN3y^ bJ130 
4. n-Al 0 . OB Ga l) .9 2 N777K1305 > n-G 
aN#^Jf306. n-Alo.i Ga 0 . 8 N^'JT^ 
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-A*-7a-l»ihJB3 0 7, SCH-MQWvSftJf 3 0 
8. P-A1 0 . 2 Ga,, 8 N*-rVT*-'<~-7V-ffi 
iiJ1309. p-GaNiS13 10. p-AIq.osG 
a 0 oaN^7>y KJ13 1 1. P -GaN3y^^M3 

12. PGSJ1E&3 13. nffl!l«3 14, Si0 2 ffii 
H3 1 5jWE&£SivC^S. 

[0127] ^^JBb^<3»7OlSia0BJiSi:£$:* 
Ati. SiO z -?x7£mmL?Z7T7>\s&L£:Z2\B}'if 

oZtX'&&. Sot. n-GaN3V^? hJ13 04 

[0 1 283 t-T. t77^7St30 l±fc. mi 1 
t^-r«t^t;. CVDffiTJBJfcLfcS i 0 2 1302a 

^3 02a« *ssojtii, m7(7)mtmmt 

R«£. t7r'(7Si3 0 1 t7VH-7GaN3 0 
3 aOtfrRWO 1 U #52liT^ H-7-G 

aN303ac?)<l-100> -ftmz^mztch X 5 lZ 

[01293 <x^x\ mmnm%x'i 2 0 o-ctx-^-u 

LTS^-f-v^^ U--y^i: S i 0 2 7^730 

D^i^MGaNMfS. tt^T. *£J££l 
10 0*C£#iSU im^7yF-7GaNl303a 

[ 0 1 3 0 3 tt^X\ i0 2 H3 0 2b£CVD 

mX'&l&L. 7^H-rGaN303aO<l-10 
OffltfffC, i@3/zm, ^20Atm^h7-f 
7"?X?£mt£. g*£H$VCl 2 0 0'C 

tx-^&tx. mmw--?>\s?v-->7tsi o 2 

3 0 2 bcr>T--'J ^fcftfcfcaMlUifcJart-. 
^?)flL *SJ££l 1 OO^tKL, MMf-^tfU 

WiTV H-7GaN13 0 3b %f8,fk'i~Z>. 

[01313 Jzmzm&r&ztmuz. n- 

GaN3y^M304W«L aHUflcU-ir 

£ffcfcti>. u-if*S»*>»2rmfc s i 

O 2 '?X7302bCDAb7'(7°t¥mz^-&Zklz£ 

[0 1 3 23 U±<7)^-C'^fi£$^g«^^#^^ 

©i, 7yK-7GaN13 0 3aW4'ti ! )10 5 cm 
" 2 £T\ 7yH-7GaNl30 3bJ;0±»li 
+T«*«J 103 c m - 2 £ £ . 

[ o 1 3 3 1 mz. ±&nmm&Gi-&¥mikmmz 

BtfLLtiVx^Z. &«S£#2 5 0/*mfc$r&J:3tc 



U-iftcmSS^ASr Lfcfcd*). $14 1 5~4 1 7 n 

mx-mimsmmtmrnztifc. #F*>iwwEii4. 

8V±0. 2V. L&VMUBSKMttil. 5-1. 6k 
A/cm^ -CAofc. $4>t. '7x^rtcD99%UJLh60 
S^T'l 5 0 0 0B*^l^JLhiO^iS^»5ifg$fL 

[ 0 1 3 4 3 o H*HSSB®T'{i. 2 0^7f7 

[ o 1 3 5 3 *mmmx'\z. m 1 o ( a > ^ 
utT^B^iigp^-^w-r&s io 2 -?x?zm 

vvfc**, ^«7)ft!ll3illl0 (b) T5^=ftJW)IIJn^'« 

^-^£7)V%-m*^ffl^^'Cffl^TtJ:<, ST® 
OSi0 2 (302a) ^Tn^^XWH^^n'^ 

z t x^mzim&wmzimx' z&ztn^otx-i* 

[01363 at, m7mms<^mmmTit. 7^ 
7)i>j&&zismz-£z>ti!bizm^&-?x?tt®tLx , 

i:I«l«©Mt*l. 1 0 0 OXJKUiOa 

mt LX. T i 0 2 , I n 2 0 3 , Ti N, Si 
N, WNxW*W6*l*. 4fc, 1 000'ClSUL<7)if 

SiC, ZnO, M g A 1 2 0 4 M^hZ t 

hX'ZZ. 

[0 1 3 7 3 *5ra»iM«aMNIflcP-ir^>* 
tt*«|6l±-r&. ftfc, tff^'^tfcv^lWf'JT 

[oi 38 3 (m9cr>mtmm) mi 2«. *&w<dw$ 
9 <mw&miz&bhmmm*Bfti'-- f^m^mm 
£7jK-?Mmmx'$>&. 

[0 1 3 9 3 HI 2(3:fcVvC5 1 1 r A TW&X 

^0. ;<7)iI5 11±ainSGaNA' 7 7rl5 1 
2**»JR$<1TV^. GaN^7 7rI5 1 2±^tiS 
i0 2 -7X95 1 0rfZb747"mzBtfLZtl. :<07 
5 1 0$rffl^t^'>/7rJl5 1 2<i0r^Si$4T 
Xxf-y^StiTV^. GaNA'77rl5 12&lfS 
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iO z ^^5 10ldinlAlGaN^77H15 

fct±. TyH-rGaNM^ VM5 1 4. InGaN 
/I nGaN^3:&fi^#FJf 5 1 5. pIG a N3fc 
^H15 16, P iAlGaN;57h'l5 17« 

57 H15 1 3±Win{il«®5 1 9*Wc£ftT^ 

plAlGaN777Hl5 17it(l ffi&filP 
SGaN3y;? M5 18^^LTp(iimSi5 2 0^ 

m&tetix^h. ^n^om@5i9, 52otiW? 

[0141]::t, #JfcO^H^^fiMOCVDS: 
^fflLTV^. 4fc, PiS^jt^^GaN (5 1 
2)/AlGaN (513) c^tO^S^I.*:^ 
fc, nIGaNl5 12^ItC^^i:^SSiO 

2 k^?T«£*rc:B9. -e^^-ocote^ 2 

// mC'SrS J; o [ZV'JX V ^m^X^-~y^^ 
fc. -I<7)kl<. n^GaNjf 5 1 2<D-Sl5^>x>y^-y;/ 
£^T7. mnnfegufo^'n^. 

Jft#SrcU«ffll*n£kLfc*<. dftkliffltSSffll 

±KS i 0 2 m<D-?A7tt®ZBfct&Zbl l Z%h. 
[01423 ^UfiJBJBO««"C«. &ilfi§ii£3r-f & 

5. y ^<Of64**B<ifc=Sr<. tilAlGaN^77H 

jb 5 1 3 *ff< m-rs i k . ? hjb 5 1 3 

&®m**Mzfetf&Zbl l z%:*) * 7£Kti&6(2:*#< 
3t^3l«cU-1f^)t#V>ffili. lkA/cm ! Xh 

o . ft*<7> i / 5 jaTfc/hs < -r h Z. b tfX'Z tz . 
($10 eoHM^fi ) ^ 1 0 c^jJfe^gTliu * V 9 -f 

^yHft^RrttSrP^fii**^'. GaN<0j££liW« 
M«KMOCVD) KiDffofc. Hi 3 
(a) ti, Hf7r-frS^±^GaNJlS:^2. 5wm 

2 -?x7£%)3vmfflmx~V7T4Tmm<7) < 1 1 -2 

1 > 7j l*k -tfcfc^G a NiO < 1 - 1 0 0 > 7j fa^fiS. 

[0 14 3] 121 3 (b) it. -fyr^rmm± 
CGaN^2. 5 v mjfcg LtMZb |S]8t3rS«±£ 

mtfflHT, HI 3 (a) ktt90* "T^r 
t>*>^7r^rS^ <1" 1 00> ^1*], *fc«Ga 
NC7) < 1 1 - 2 0 > ^Tl6lfc:»jSUfc«^^WC*& . 0 



13(a), (b)tt»S1£?B«ft <SEM> fcJ 

[01441013 (a)T'(i. S i 0 2 
£*<3iffU Si0 2 -7X^^'#^ri»^-C'{i. 
G a N Stf^tt L, £ S> fcJfcftjWfcfc k G a N JBtfTffl 

[0145] HI 3 ( b ) Tli. S i 0 2 

fi_t*>ft**Si0 2 ^X^^h^^rtW^ 

[0 1463 fcLh^)tt**»fe. MOCVDfcTliXh? 
^f7t?x;5t7r^7it« < 1 1-20)^. 
-f &;b^G aNO(l-lOO) ■X$\\ l Zffifot& Z k 0* 

aiU^fcW*. Hi 4. 0l5^x9;W&K 
(EJIt$ixS-9-7r>fr*R<0 <1-20)*I*I, 
*>GaN£0<l-10 0>*-(fiJ^. S i 0 2 Xhy^7° 

[0147] vx^aw^aStfK'fi. 

^WB3&»feGaN09f'5;HRIiWtfrU. ilfS"?*? 

[oi48]$ 6k. "7^^jaa*fc#<ct&ieMHft 

■hK 2jumSJSGaN«^«S-^&ikfc:J:0, ^ 
[0149] -r^^*>. JCDRffltt^^^*»fe«h.fe» 

wmmmzwmmmi&z^zmix^h. ± 

ie*>^ ^^^/WRJftiHEJa^iiTOiarG a NK^tt^ 

2, d k J: 0 , jeM6ffi«*fc*«K«»tr* 4 . 
($1 l<7>|taBBI»> SSI lO50tJB!Bf«. S i 0 2 
^O-ex^Sr^-r&TtfaHSk LtGaNSffl^fc* 
iJil/AlGaN^^l^^t, 5f7^ 

mmBBt®mi f ziiW&mfmtfL% (mocvdis 

[0 1 50] HI 6liu t7T-f TS^±tCGaNl?: 
fi2wm^l > *0±td@jft2jum^Xh5-'frttS 
i0 2 7X??:Xh7^7W»3^mtMLf;i»?) 
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zmmtt uzm*7*t. mint. +r?T4TWfo 

±tGaN*«2/imia*Lfea, AlGaN^2/i 

[oi 5 1] s i o 2 vx^T.h^rtfxfrfaU:. $ 
10^5t3MOTtr*LfcJ:^t. MOCVDfcfcJSVvt 

7r7/^^ffiji$ixav^7 r>f rwm < 1 1 - 

2O>#0K tSti?WaNO<l-100>*mkt 

[oi 52] hi 6. mint, ^mwf-mm (s 

EM) KiOWR*BnH*»fe«»Lfc*»^**' 01 

6 mnizvk-rxoiz. t-ht>e>m&L±Ti>. s io 

tGaN^Wt^ Si0 2 ^X^*«fi=frrft« 
[0 153] LA>L3r#^ H16taK$-J:3fc. Ga 

N/-9-7r-frwwwRfi±fcsio a irrs. 

[0 1 54] HI 7 te^l- «t A 1 GaN/ 

GaN/^7T>fTW«««Ji±fc:Si0 2 VX^^t 

■rs*&tti. ^xftttzxj mmmztvr* y-r? 

/WfiftK^O. GaNR^fciU^BbMUtV**. ifc 

i0 2 *SW7.7£^J£U f^:GaNl(7)7f7 
;WB£^5rff0^^ffl^"g>^^S^A 1 GaNSrffl 

[0 155] ±teo^l 0i>«fct/mi 1 (OMWMMX 
0. xb7-f7^x^(i-9-7r-f T3S«w < 1 1 -2 
0>2ri*k -r^^GaNCO <1-10 0> ^fafc^tT 
fcJBjiW&£fc0 c a4L<* t*? <#■!□»> 

(±1 OwmULhi: U -77>7c0l^PI (BBPSROte) '41 
0 ^ m JSIT. t < (4 2 u mUTFC* S £ £: #S4 L 

[ 0 1 5 6 1 4fc. 5^9/W**fc£fc3**fc*>0>^ 

^^m^L-t^WLtLxit.^yr^rmm. sic 

£8L SiSm. GaAsIS^ GaPH> GaNg 
flfflS0MW70>fl!l, f)fa^';U^±l;l n x Ga, A 1, 
B lM . rl N (0^x. y, zgl) £7£ES;LA:g$ 

S^GaN, iWit<liAlGaN-C'S)l»i:7f7 
/UR*fcJ: 9*fcftfcll'5ft*0 c ft^. ^ A 1 Ga 

<7)Ti&mt LX\t. A 1 GaN, InGaN, A1N, 



GaN. t$£VZtlt>e>tifMZBZffihQLt:ttm. 
tSiU^In, GajAl.B,.,.,., N(0 

g x> y, zSDtifc-JttiK Witt. 

JRftlfcA 1 GaN/GaN/t7r-f7SS±t:A 1 
GaN^7f7Ml$tttiV^ 

(mi 2v>m.mm) mi zemwmx-it. GaN/ 

y?T4Tmi. i3it;AlGaN/GaN/t7r^ 
7£*Ltfc ,»10 <0Hit»JB^ L*r?7 r >f 73£«i 
<7)<1 1-20>W. t4i5*>GaNiO<l-10 
0> ^TtfltKl 2Atmtf)S i 0 2 -77.?£2.Mmfg|lT* 
»J&U *tf)±t:GaNjIt»10//mJ«*S*fefflR 

[0 1 5 7 ] 4£. as«<^^fc**4^i'-wi* 

l^He^JBtR*^**. *^»®T'(4. I nGa 
N^ilf#F (MQW) <0#PifcW:2h-f &o 
[0158] fcfWLfctt*. G a N/" 9 " 

7H 72£«Lhfcfl* Lfc*PfcJfc^ A 1 G aN/G 

ififtbtl* - k ^WB ^ • GaN/t7r^7 
AlGaN/GaN/t7r^ 

«H«fc:J:*«ffl**^»flrC»i^ GaN/t7r^(7 
SgJfflV^I:, A 1 GaN/GaN/t7T^7ii 

^Pltt. 1 0 4 c m- 2 ^f S>ofc, mzU-^-ft 

tifc . G a N 7 7 ^ r * ffl v 

Tli, BWtt«8l*»i» 2 . 3 k A c m- 2 . IM£1tffi± 
»4- 8Vt»-)fc. 4fc. AlGaN/GaN/f7 

kAcm"MM™ilifi3. 8Vtft^fc. 

[ 0 1 5 9 ] ifcfc. aatt«BMS«r«WU. 
JWELfc. GaN/t7T-(7i«SffiV^tll 

5 0 0 0 l^|StgflQi«liM^S:«tt Lfe Afe 9 » 

80 0 0^ti5-3ft. CliltML, A 1 G aN/G a 
N/1T7r>fT«*IHVvfcU-ir-*^ttt, 900 

nmm&toifiiMW&^ftfcw* ^1500 o#m<r> 

[0160] GaN/t7r^7Sit. A 1 GaN/ 
GaN/-9-7 7^7g^X ^^SrttfflLfcSH^Cfc 
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GaN/^7r-fT3S«£JflVvfc*£-C«, Sll^ 
0. ^^TatC^^-y^^tftWKWL. A 1 Ga 

(HI 3<9HSU^8) HI BWUflflBSSfcL 7f7;H£ 

izsmm. zmsftb m^^t. 

[ 0 1 6 1] 01 8fcL HI 3<OHiBB©fc«£ 2 NM* 
t — -»f — <0Br®H-C2b & . ft?, t7r^7it7 0 1 
Jb£GaNJf 7 0 2. A 1 GaNf7 0 3A^l$il^ 
SR7 0 0±£, S i0 2 -7*7 7 Q4*ffi$L?h. ft. 
fc, -7^^7 04WiBP»J:0, MOCVDSWDG 
aNJ17 0 5£j£^£-£6. 

[0162]GaNl705^ fi*3rmtd2bi**>*S 
V^e. III]^<OMifflf£Jt£^!;t. 

W&tZlt $>Zk1iZ& 0. •7X^7 0 4±tC5r^^^I 

[0 16 3] iOPBHBteti. +dfc^GaNJB7 0 5tijfi 
V^jJ&»fc» n-GaN3y^^M706. n-AlG 
aN^77h'i707, n-GaNAMK!708, M 
QW709. p-GaN^ KJ17 1 0. p-AlGa 
NJf 7 1 K p-GaNny^7M7 12H5:Sl/ 

[0164] ^*3IMNII«sU-1f--C«. SH^ffi 

wOvte*«. WPfjWRv^fc^ -9-7 r-f TS^&ffl 

[0 165] 

tom.GmmfoJB*j&iR?&zbiz*^x. ma., n 
mxm, ^o.-y^co^.mcD^axmmmtm<. 

Bfam zy? r 4 TW<mfo±.t l z&j&? h z. t &x- £ . 
izm^?h ztizxL mmmGL%b'<om&xmt: ± o 

[0 166] ifc. InGaAlNl«-W:SM 



7 9 y £fc*<, -HWS^A 1 ^^tfl 

flSHeMsWfWi^lSftJft*™^ =Sr 0 . -rill- J: 0 

[[iM^mm^BB] 

[nn mmzx vft&Ltzmim%*BimT<7)m 

[02 3 ftmM 1 WSdBBmKfffetaMfcWaMHWIs 
[03 3 Hi coHJB^SBfciftfflLfc^^OBlJPlBffllE 

[05 3 !S20ll^ffi^ttfflLfc»@#tf>» (BBP 
SB) £^Tf l>-?x?£^-t£ttf!0. 
[06 3 *»HH<0SI4<^)IQBe!Bfc:ffi*>sa'fk ! ftiRiiiffe 

[07 3 *mi<n&5<nmffimzttto&S.4m%5&£ 

?a *- Ycom^mm^?mmm. 

[083 #f&0J^H 6 ^HM9BJBfc:fiR*>*aflfl** D B 
[09 3 #?&8Jl<oH7 cog&ft^KffifcSS'fM&aMI** 

[0io3 m7<r)mmmizmmLtz~?x?^?-yv> 
[0113 ^HBtfomstfonsfe^t^sM-ft:^^ 

[012 3 ^HJc7)^9C7)||JfeM^#^M^^# 

[0 1 3 ] *JHB*>» l OcO^jfrfe^W^^MW^ 
3Mt*P<7)BrBii S E M WC* 0 . ( a ) lix b 5 4 r 
tfcovx? 5t7T >f TS«C?) < 1 1 - 2 0 > ^rflfcJB 
j£Lfc*^ ( b ) IZZtLk 9 0fla*fc*2ri*lfc:#jRL 

[014 3 013 (a) t^L/clfyr/UiOBiBTEM 

[0153 013 (b) iz^Ltzy-yy'jwmffiTEM 
w. 

[0163 *^HJ^m 1 1 *)SlllflBffifcffi6SHHteR i f £ 
«#S^glT®SEM^mT'$)0, (a), (b)tiv^ 
•mt>GaN/-^7r>fr^BLhtSi0 2 -7X^2:^ 

[0173 *«HB<OSS 1 1 iOHM^^^S^-fbt)^ 
iMWUfSSEM^I-Cfc 1 ), AlGaN/ GaN 
/t7r^f7it±tSi0 2 -?X7£&fg.Ltzi§r£cn 
». 

[0183 *^HJ^H 1 SOUJfeCTtc^SS^^^ 

flcU— 9-'-<7)8)T®0. 

[019 3 ft«jfi«K:tJ(t&fto-&f**rK:*A$iiSlK 
fico^^^f^0. 
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[H2 o ] 7f7y^ici *)&#m#mz£.iz>mm 

[H2 1 ] #fSBfl£:t&fc&i:<7)A 1 GaNlCfc^T^ 

a i cD^mt ?yy??v -mm<r>m&z^&& 

2 0, 3 0—9-7-M 
2 1,3 1 — S i 0 2 

2ia, 3u-i» mum 

2 2, 3 2 -fflcm^GaN>'N'-y7TJi 
2 3, 3 3-«M*GaNT*fiJi 



2 5-KS1SS& 

3 6-nfA 1 GaNIKa^AJi 
3 7-nfflGaN3fe#-f FJI 

3 nGaNi&SttJB 

3 9-plffiGaN3fc<M FJf 

4 0-pIA 1 GaN«S£&WB 
4 l-pSGaN3y^7 hJf 

4 2-nfflMffi 
4 3-S i 0 2 81 
4 4---pffl!im@ 
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